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(54) SEMICONDUCTOR MEMORY DEVICE 
(57)Abstract 

PROBLEM TO BE SOLVED: To provide a semiconductor memory device where 
dynamic storage is allowed by a memory cell of a simple transistor. 
SOLUTION: A memory cell MC of 1 bit comprises one MIS transistor formed at a 
floating silicon layer. In addition to a first gate 13 for channel formation which is 
provided between a source 15 and a drain 14 of the MIS transistor, a second gate 20 is 
provided whose electric potential is fixed for controlling the electric potential of the 
silicon layer 12 by capacity coupling. The MIS transistor dynamically stores a first data 
status wherein impact-ionization takes place near a drain junction to set the silicon 
layer 12 to a first electric potential, and a second data status wherein a forward 
current is allowed to flow the drain junction to set the silicon layer 12 to a second 
electric potential. 
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A. Relevance of the Above-identified Document 

This document has relevance to claims 1 and 14 of 
the present application. 

B. Translation of the Relevant Passages of the Document 
[0016] 

[EMBODIMENT] 

With reference to the drawings, the following 
describes an embodiment of the present invention. Fig. 1 
illustrates a basic sectional structure of a unit memory 
cell of a DRAM of the present invention, and Fig. 2 
illustrates its equivalent circuit. A memory cell MC 
includes an N-channel MIS transistor having an SOI 
structure. That is, used as the memory cell MC is an SOI 
substrate in which, on a silicon substrate 10, a silicon 
oxide film 11 is provided as an insulating film, and, on 
the silicon oxide film 11, a p-type silicon layer 12 is 
provided. On the silicon layer 12 of this substrate, a gate 
insulating film 16 is provided. On the gate insulating film 
16, a gate electrode 13 is provided. By the self-alignment 
of the gate electrode 13, n-type source/drain diffusion 
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layers 14 and 15 are formed. 



[0020] 

The DRAM cell including the n-channel type MIS 
transistor operates by storing holes, which are majority 
carriers in a body region (the p-type silicon layer 12 which 
is insulated by isolation) of the MIS transistor. That is, by 
causing the transistor to operate in a pentode region, a 
large current flows from the drain 14. Thus, impact 
ionization occurs in the vicinity of the drain 14. The holes, 
which are majority carriers generated by the impact 
ionization, are stored in the p-type silicon layer 12. This 
state of storing the holes is regarded as data "1", for 
example. A forward bias is applied to a pn junction 
between the drain 14 and the p-type silicon layer 12, so 
as to release excess holes to the drain side. This state is 
regarded as data "0*. 

FIG. 1 
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cotf^-, 5 mVWt I w J; 9 * tt f- v * a* tit *s fi£lx r 

40 &A«£f£ftTSg "1" r-^iif^iiSlxi. 

"0" Y\s4's&tt&m}ito'UT 

"0" r-^sMSi&SEft*. 

[0 0 2 8) ^rUT. 4At 3?!7-K»WLSr**|S| 
IcW LTT, y- K/y 7Uy>»l^»Tt 
5, "1" f-'-^ijg^iULttTofep'^y-fe/WtPlCt* 
. y h^B L?::o/ias5li&©#i»Ry-*y-eA't?li. 7 — 

KHIW L AS.* tilt. % o T tKx -f S«*«ffi:cKft Sll 

r. 'C >- /<; ? h -f Tf- > fki'ie ~ <b 'i 1 ' x 3 " 0 " 7-'— ^ m, 

fo a L *■ 'if itz.** <) -ir ,0. i ig] 1; i" -y f- B L !c o/^ ,-45 
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[oo29] 0 i o stum i i »*. isi c^aj l^ic 

£5*iX*'tl "1" -r-^&tf "0" x — -?<D<J — Y / 
7-f h»)f£-?*>*. 0 1 OStfll 1 1 T*c9B$$iJ t i -Qff) 

if ^as Liftf^ii^ Hm. 08&t/0 9 tisiircfcs. 

B$tC. fc'y MSBLI^mfi^^X (010) . "1" 
^—^•iiitf try h&B L«CiE?if6:£:5-;t 
5 (011), CHIC J: 9. _ "0" x-^^^i^ixfc 

-fO*-/wasftai$li5. "1" f-'-^^^-xi^tufc-lr 
[0 0 3 0] 01 2~01 5H, HlftB L£0 VK 

wsiirff ?S2 togt-^aj L*scifflt ^fc»^o y - k/ 

y 7^y^^RU'J-V'/y^ h<D®ftmMX'ibZ, 0 
1 2&r/0 1 311. *Ji?ft "1" x-y-&tf "o" t 

$ixT!.>fc7- K*WL*r, b#£U 1 X'lE^mztrt,^ 
if*, :nt*?-KSSfiil SI 7iZ7pLfc.fc 5 5Z. 
"0" , "1 " x— *©Lf l»(fiV t h 0. V t h 1 CO 

£. SBl«)H^aiL*iCi:raaKc:, "0" . " l " x- 
#«L^'iVthO, V t h 1 ©IBIMttSUT i' £ 

*UCJ:9. "1" 7-'-?n&&. ^*yiryV255ai< 
L"Cfy h»BL©Sfi±#»i'J>$< (§12) . 
"0" f-?Og^> ; &y-fe^KO^DiEV|5/h$< (SiMl 

, f -y h^iiiitii$(c±^-r-5o ~n 

{0 0 3 1 J t LT. 8?£>J t3f, Sg^aSLr-^^ 
- 1 " wS-a-lcil. f-y hjftB LKIEco^fi$:4x (0 
1 2) % IS^aiLx-^AS "o" CO&-£-f±t'y hSBL 
tc^comfiS:^^5 (Si 3) . -Hicjzt). iMiR;*^ 

y-t/^s "i" T-?<Dm&. h'i"<y%m.imtix-< 

&#£ftTB® " 1 " x-^S^i&StiS. "0" x 

9, lcj8W*-/K04i* "0" f-?i)5Stt$ 
fl#5ij t 4T-7- K^WL^yjlS)!-^ 7* 
lt. y - kv y 7 ,/ '✓attflsfc 5*71-5, 
{0 0 3 2] ill 4 50^01 5H. IfJUtt^iJL./^:: 

1 5 n-t-'n •• i " r- .* ac< " o " r — ? o y - k/ 

7-f htb^T?jr>5 3 a 1 4 ftCE 1 5 T'CO^J c i Rrj 
t 2 "C'-OH Add Lfjjj^Ii-r ft-ch. ill 2S'Ji 1 3> 
i3 fS-^aSLfis !=i ; -iSj- p .-ir ••'-!; "0" ^—5 



(6) 

14), "1" ^-*fc*#atf»*fclify M|BL 
lciE^(4$r#-x:5 (015). Z*iK«fc9. "o" x- 
^i^^e»lxfc-e/WT'}l. Kt"f >«*aJJW*ifiiy<^ T 

-9&s-7Lhfrit*A'X'\%. v u-o-zmmti, 

[00 3 3] U±.<OX 0\ZZ.<DWm\Zi:^DRAM^Ji' 

■0 ii. ftiiA^mmwic^af$nfc7D-r--f ^>/o?^r^ 

*V. 4F2<7)ir/u-y-YX7jJSiS^Bgr*fe5 0 Jfc, 7d 

S!^a5L./*#ii^coSfJffli|±. y-KIWLiK"-/ 
K^BLTT-tTton. fffi*T-*>5 a SK^y-tr/UHS;*: 
Wtc^lSggTfaiLT'fcScoT-. -<r>-^r>7*Srfc'.y h 

SBI-'ii, SEtc^Bitlf^.aSL^i^T'fc^co-C-. /YX 

*rigT?*>3. Sfc, y-ir/KOKitrnir^tfSf^T' 

[00 3 4] -^fc. SOI «f5fil N ^-f$£0 n 7 nS 

k 5 D R AMIt ~ <r>mt£ S O I fSifco c y y ^ L 
S I tcojg«tar'fT9«#!ct^^JcWSr'*)-5o 
•>^*S^5ti6*<ODRAMt*/j:9. dvVJLS I 

30 [0 0 3 5] ~cO^B^|-J;5SOI«it(ODRA 
Mil. t¥5l5<Dl h7>"> ! ^?/l ^ir^y^gWDR A 
M£SO I Witt Lfc^^tt^T. ®ntl5lf(*^1# 

1 *Y''->-y-3!cODRAM$:SO [ tSitir-TS 
t . Va-f-J >-?<D#f : -<\Z*-;l,tfWm£tlX 
>"^^7c7)L#V^tA ; Tj4'>9. h7/y^?(Ot7'^ U 

Jf.<D*^n±i^X'\t, IBtgmiW 5 h7>"^ 

y — y co^r*^s 9 . -y-7'x u y •> 3 k y t ^ •> 

[00 3 6] CIs '!Ctft0^ UfcS*6*)4*D R AMt^ 

x-^ "o", " i" <DLt^mw±^t'htziri<$ 
< tfrZfrtft'e'Jftmzt'oXS.mzttZ* z<r>.§.iz 

so "1" x— 9t0rtif it -^t. *0?i<JDf f — ? 
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$ < * 5 w t fi*W b jMcfc o fc„ ^ O ->> ^ u- -> 3 ^ 

[0037]f^^lt y-hfiLg = 0. 3 5 
Mm. pS'^D = v@ 1 2liJ?£;4S t S i = 1 0 0 n 
m. 7^t^gfi;NA=5xi0'Vcra 3 -Cfc 
9, y-^ 1 4&0 : KUY>'1 5© K-^-fiJt^ND = 
5 X 1 020/ c m 3 v Jf- hmtmmAi t o x = 1 0 n 
mT-fo'5, 

[0 o 3 8 ] El l 6tt. "0" "r—fi&Z'&Z-h. 

icfcttiy- h««fcVg. KW^tttV 
d. fttf*-r-*/nKfM co^RVB5r^L-C^5. Hi 
7I±|S]£<, "1" ^-^##ii*4:. ZO&toT-f 
fiMSfttf?*— *lfc*iiJL (tJi^JUBW-CSsL'-Cir'*) 
tcJo«7*y- hSJEVg. KK^ttSEVd.WFft 
^/^f-ftEVBSr^lTl'i, «llt6-t 

yw^-^ig^aiLift^jcfc-its "o° f-MUi' 

fiSSBEV thOt "1" x-^Wttv^ffi^JEV t h 1 

• y — ;*|H]«JEV g s £:«&< i. ID 1 8(OX 5i:<£5. 
I5L, f"^r^/HSWi:f-rt/i'ftL$rW/'L = 0. 1 7 

5 -i m/ 0 . 3 5 n m i L , KU-i' V • y — * Pfl^ffi *: 
Vd s = 0. 2Vi LT^-S, 

10 0 3 9 ] m 1 3 3*6. "0" 
ItffV thOi "1 " StiZs^-^.'K^L^vMtSJEV 
thl©i4Vthtt, 4Vth=0. 3 2Vt&oT 

rai Ttctji/^r, "o" m§ih^-m.m u$*jt 3) <o 

*f^ft#VB=-0. 77V, " 1" Sti£^il<£ 
cOfff-r-f tEiStd»VB = 0. 8 5V-C&><9, -t<0H*s 1 . 

6 2 VT'fc3<OlC*tU X-^«(f^ftS (ft*jg|t6) V 

f±. "o" ?tiZ ! ^.-tryK0^7 f -ei;{i7)5VB=- 2. 0 

4V, " 1" S#ii^ir/K^^7 f ^mfe^VB=- 1 . 
6Vfi>!) t -trco^O. 4 4 V t^tii^B^J: 9'h 

[0040] -<Di pics^^itfstctk^-c, ^<ofg 
cox- * {fcffttfg-c-co *r -< Stfiwy- 7 ic j; £ 
e<<J5Iiii, Zo#ie,tv5o *<D-o|±. y- K 

"o" *#i&^itK ( t 3 - t 4) -c»±. 

g*rTifti#. "1" §#&^ir/i'T'f±f--r*/i'd s $ 
Bi::?B£L. y- K • rK-r 4 Pflco^ft^ilftfkL-C, ft 

ij. "o" &$&&iz*X'it7-* 
r. y- h • *f^r.ifS*'affltL' , i^ 1 
[oo4i] y- h*fir*TJftt*« i 95fet= Ku-r > 

mfii 3r 2 0 0 m V ; i ■) -tr y h "f Hit", ± ; e LtzT>'<7 



(7) 

"O" S£i£*£'fTofcir/u-CM±. 
AijjSHSo tLT. "0" «£&*«Cj;i3ifrATlffc.* 

[0 0 4 2] fc5-OJi. Stii^&cOKfSJ t 4 - t 5 

10 ^co^ST'/i-cx-f^a^igs^H, ma* "o" . 
"i" T-fnm^mzmb-riTfoizftm-t-'zz tx-&> 

3. 

[0 0 4 3] t^T-CCO^B^lC*JI,»T(±. ±f£S*DR 
-h (Sliroy-h) inlaid, ^-r*/U/}-:y>$:<§:ft 

zmu-tz, ?g2<oy-H±, ^-y^^'x^ trop B ico 

SSIrfltS-rSfcftlzti, 5? 2 coy- KI'lco^ffiA5§« 

i±» S2«y-n;, ^2 coy- hf»jco^s^s:G^7i ; 

?. i>Zt h X- # -5 o - niz J; •) , mttUK JR 2 coy- h 
IMilcoy- h«6WKfffi:^< L1tk*mizt£& m «Ti: 

[00 4 4] m&<OMt&l] mi 9»±, -t/)f|B^co|| 
JScD^ftllC £-5DR AMt/tUSS:. [21 1 lc^$-frX 
^LT^5. S^flfitli:. Ell iPHST-*5»). II ^1 
30 fc<5.£fi. ^^^^SiW^tT^^lwy- h l 3 tliS'l 
IC, >y 2lcy-hl6»)Sl 9$r^L-CiftlSlU 

XSlft^tS* 2 coy- h 2 0 ^gfftlg 1 1 ICtfJOi^ 
^tuTV»5.S'C-fo5„ A*6<3^y-h^^l 911. m 

i coy- h i 3(B)coy- hife^i 6 tjaitttfffci- 

[00 4 5] ^co-fe/UTH-«fi£T'l±. StClftfl^-t-^ 

«t o ic jr i coy- s i 3 1±!7- vmt Lxm®Mzm 

(&£*t. IB 2 coy- h 2 0l±ZHi3EiT-f3K^i: LT 
K^^n^, IB2coy- h 2 Olni. CT^l±**<o@sm 
40 fi^^x-^ixs,, 

[0 0 4 6] [3liSC07f$lig 2 ] El 2 0 l±. gilcOHfecO^ 
flllCiSDR AM-tfr<D&)£X'&Z, IH 1 9 <OHtS<0^ 
figt&&9 ZC03l3£(OJBg|"e»±. IB 2 coy- h 2 0 li. 

■cKiasn*, -cO^/ftgiSt-frtlf. IB2coy- h 2 

oiBicoy-hi swsaa-^-t^^FSx-A) 1 ?. Kit 

[0 0 4 7] iX!c, ±!£Lt^5£cO^S§ 1 . 2CODRA 
50 M-S'i-ilO^-C, Tries* D R AMt.'H:oi >tiTofc 
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11^- H 1 3«CDy- hffeftlll etPlClOnm 

[0 0 4 8] Hi 2 in, "o" 7-*m$&frk % ZCD 

LT^5) H*5(t6y- hSfiVg, KL"f>«f£V 
d, Stf^^/i^-r-r ^llfiVB^LTVSo El 2 

10 0 4 9 ] (212 1 21 Via 2 2KJot*T, M 0" 

0*£9t3) ^7>fiWVB = -0. 8 2 

*v % tt i w ts(a^vB = o. 84 

-*{fcfS#Ji (B**Jt 6) Tfi, "O" »tii*-tr/uco 
*r-f «tt*VB = - 1 . 98V, 14 1 " §#&^ir/u 
cn^^f S(£#VB = -0. 86VT'J)1 ^COHH 
1. 1 2 Vt^o-Ct^ -ftfl 5t^S*DRAMt 

[00 5 01 E)23ii, eh s;;:*tJ££-£T, B$£J t 6 

- t 7©?*-;*tt*fflL«lfft3JbMt5 "0" f-^l 
t^ffi^E V thOi "1" 7"— ^©LfPfillEV t 
h 1 &£.5fctf>lc, ^f^co >^ I d s t V. 

H 0" f-^^U^(ISEVthOi M rr-^fiO 
Lt^flSEVthl^SAVthli, AVth = 0. 
8 8Vtfc5„ {tot, 5t^fi*ir/utSigco4g>&(ii:b-< 

[00 5 1 ] (212 411. 01 9<0DRAMir/M»it8rj}j 

5o (212 511(12 4 <0 A -A' &C/B-B' PrffiT'fc 
5, Sl^'-H 3^7~KSWLltL-C^i: 
iSttttlcjErtSii, :ni:x-ti?lt v |g2^y- h 2 0 
{>!7- K»WL 1 tft'fT-fS?- K*WL 2 £ LrSdU 

RAMir/KOa-friEia-cfc*J, 4 F2fiOi-&/uffi»*3l 
lirlictg ~ i iii ?> t "o" , "i" t-'— ?co(HJa? 



(S) 

[0 0 5 3] 8Jt> % t> HlHZ*ii»tt$ixT^5DR 

tt o" t*- "i w x-*^ 

[00 5 4] fit±«)wiS^, JfSloy-hiJB2*>y 

coy'- h20i*>!l3ygi 2<D&\<O j % 2 coy— f*&& 
20 R i 9 4>JKJi:«\ M 1 toy- hi 3t->y 3 ygi 2 <D 

nn^_*i coy- httfftJRi 6co^fftcora^"eaigft:-r 

[0 0 5 5 ] SI 2 5i±, -eco^llJS 

DR AM-ir/H»aS:, 12)1 9il»jc5*«'C^ L 
T^5 0 ±i£HS£cr)^fl| i , 2 T'Ji, ^ 1 coy— h 1 3 
fflfjcoy— hie^R 1 6 tS2(0'!r- h 2 Offlijoy— KJfe 

ffi l<7)y-M3 fpijcoy- h&H:6l 1 6 coKJS 1 
30 2. 5 nmiC^tLT, S 2 coy— f> 2 0 ffljco y— h 
1^195:37. 5nmiH<Lr^5 0 
[00 5 6] *<Ofc<OT'*4 *&fr*9t<o%fc<oj&l&<n 
gr&tfflCt LT, tO^ai/- *>3>-)tS*S:ll2 75 
VE12 8(Cx^-t 0 fflL. !7-K»fi« (Vg) H5fe<0^ 

V % x-^S^f^cOLU-</U§:-0, 5VtLt^o a 

oofflcoi:/KD Ku^r ySSg I d s fc y- h^iJEV g s o 

[00 5 7] [212 9C0jg^?>, M 0" t 5 — ? J- - i " 
T-*C0 L^V^fifaEcDSfi, AVth = 0. 62VX- 
5feco^SS^^^gco^}cit^"C, Lf^fflfllffi* 

coy- hfMcoSftJ: t)^:#< fcofc*, ^- KiSiB«4- 

K -? coKI^S*{i?i5 a 

[ 0 0 5 3 ] CUSacOJg© 4 ] 030(1 ^)O^B£co^ 
ro Jgji i % D R AMir'ur u -Too > -r ^ 7 h L, (23 3 
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lli^<7)A-A* WffiSr^Lr^Sa ^rST'^Steco 

c0SllS(D^«|T*«i, l^5SGT (Surround 
ing Gate Transistor) ttfieSr^lffl 

S h7^iSx?\Z£ *) D R AMI? ^ 5 o 

[0 0 5 9] ->!/3y|fii ofctt, R I E J; *K 8* 

/£$*tSo r^^co^tt^^i; 3^3 ocofsifflffi^^fsi 

i-5cfc9lC, Sl^'-hl 3 i:3§2tf>y- h 2 0#& 
fiE$ti5o Si «oy- h 1 3tm2<Dtf- h 2 Oli, H 
3 l^WffitCia^-C. 3>3 Ooraic^StcS 

nSo -*82^y- h 2 011, pgtott^v'y^y 

1, S 2 oy-K 13, 2 0i±-?:h^*L, fill, 

100 6 0] ttftv'i; ^ >3 0cD±ffi{^nS KW>6£ 

Sell 4^Men, T»U:tt£i:A'-v?**"£iT,5 nS 

0 ^ * y ir A-MC ri*«WE£*i5« y- M3, 2 0 # 

a^ii*ttfcSfi^f±iiPfl«»Ki TAsjujatsK. 

1 0 0 6 1 ] C^IJEcojBfig 5] H 3 2 li, 3E»c»]o3l!6 
^fr^lziSDRAMirA-ta^fc, El l 9*v*ttl2 2 0 

=>mtmi 1 it, cuxsr^isy 

fiELTwtl4rS2<oy- K20t Lt^5. -<£>|£lfetf> 

loo6 2] ^c*-e©nao»OT'tt, SBioy-h 

t m 2 <oy- h t li*W*JlSrSlEA/-e»fili- 5 ct 5 "KK 
BLTt^ EP^, Hi 9, 120, H13 2<n%fo<DB 
<§TM±* *> l J 3>S 1 2<D_t7(CgH &tfS2<oy— h 
1. 2 OSrEJlL, 0 3 0. H3 lcoHigco.ff?(S"C(±, 
tttft->!/ a>«0 3 0^)H«BICJB l AO c JB2coy- h 1 
3, 2 0£ESLT^5 o Li?LJBl, *2<&y-KO 

y ^**&m+om+#mmmzm2 oy- 



(9) 

10 0 6 3] 

4 F2<h/h£<-j-;5- t^T*#5 0 h7Vyx^(7)y- 

"0" , "1" f-^OL|tflEi?:^<t5: 

[H2] KDRAMt/KOffl5f38T*fc5 0 

[[H3] |R)DRAMO^^!;-tr^7'U>rcOU'-rT^ ht' 

(§14] E13COA-A' &tfB-B' iSrffi(2]T-<fc 

[13 5 ] (r)DR AMir/UcO-17— K4ft*f££ /«/b*1fc'4<Z> 

BMF.«:*i-Bi-?i>5o 

OH 

[g]7j [^DRAMir/U(Oft!i<75^ai 

[US] P1DRAMO "1" f-^Ml/y 

30 [19] PIDRAM<0 "0" -r — 7lx-/ 

[Hi 0] IrJDRAMco h 1 m -r-^S£^£tiL/ "0° 
y- * «# ii*OlM^*»t:*+B-e* s. 
[gll 1] (p) D R AMcO "0 tt f f — ^BE^itiL/ "T 

[111 2] PlDRAM^«l<Dtt*aiU*«;^J;4 "l w 

[013] |S]DRAM^Ml^>tt*aiL*a:»CJ:5 "O" 

[014] [^DRAM(7)ftilc^S!^tbL^S;iwJ:a "1" 
^-^^ttSL/ u 0" y-^ttii^Iftf^ifi^S:^ 

[GB1 5] HDRAMto«l^tt*liiL*«:CJ:5 "0" 
[ill 6] (DDR AMir/WCO - o" 
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[Ell 7] HDRAMir/MO "1" *#ii*/K*£ij L 

(Ell 81 n. u-va vlriS 0 , "i" -f 

[019] wCO««o^lS(O0JS^J:SDRAMir/i-co 
[12 0] flilOSJ£^^SIlCJ:5DRAMir/u<Dtf|it$r 
[SI 2 1 1 HDRAM1T/W) "0" »*i&*/»MiJL 

[El 2 2 I I^DRAMirvvo M 1 " #£ii^/Sc^mL 

[112 3 ] Pl-y^ u-v-a v(c J: 5 "o" , w i " -r 

[12 4] Bl 90DRAMt^S:ffl^fct/U7WW 20 g-z^yU, 13-*loy-h, 1 4 •■* K L"f >fct 



[02 6] te<OSlfe<Off$(gtcJ:5DRAMir/KO«JiS: 
[12 7] HDRAMt/KD " 0" 9t ii^/K^iJ L 

[12 8 1 I^DRAMir/KO "1" »#&*/tt*ttlL 
*• ' 

10 [(22 9] HlVS ^ ->a Vic "0" , "1" 7* 

113301 te^^JfiOJKjS^iaDRAMIr/uSrffll^c 
t^7 M^l^^7!?h T*£> 5o 

[B3 1] ei30(oa-a* m&mvfoz 0 

[[13 2] ifc<0*lfiOJI5tt{cJ:5DRAM-fe/uo«ifiS: 
[13*<&lft9|] 

lo-vyayis, 1 i—>y 3>aMtJR. 12-p 



^7? hr-fes, 

112 5 1 H2 40A-A' St5B-B' KriSt-fe 



■ft*. i5-y-^jt»i, 2o-»2^y-> 8 
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"0" write/read 



2d b 




v!200mV 
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